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Methanol was chosen as a solvent because of its low UV cutoff value of 200 nm and its compatibility and stability for several days with both HPAs and rGO support. They have been shown to spontaneously form POM-shells, which contain up to a 100s of individual POMs and can grow up to a few tens of nanometers in solution. For hetero-polyoxomolybdates (and tungstates), this type of bands is usually observed between 200 and 400 nm with main band centered at 310 nm for Mo 6+ (W 6+ ) and V 5+ in octahedral coordination in good agreement with published reports [1,2] Methanolic solutions of POM20,60 and POW20,60 show a strong LMCT absorption band at ~311 nm. To this aim, the intersection of straight-lines (not shown) through the low energy region of the LMCT band following Tauc's relation (hνα) 1/n =A(hν−Eg) adapted for Kubelka-Munk function for n = 1/2 (direct transition) and 2 (indirect transition) versus wave energy (photon energy) gives the bandgap energy values in the range of 2.5-4.2 eV. This band is shifted to higher energies (higher band gap and lower wavelength) as the stability of the resulting complex becomes higher and with increase of degree of condensation [3] . The second intense band around 250 nm is assigned to the transition dπ-pπ of electrons from M=Od bond. Interestingly, the same phenomenon was noticed at the increase of clusters size in the case of some rGO supported hybrids. However, the interpretation of the absorption spectra require more processing because of the additional contributions to UV−Vis spectrum from the rGO support which has less feature due to reduced state of graphene. It is worth noting that at lower loading the band edge energy is lower. Likewise, the fluorescence emission spectra excited at 270 nm are shown in Fig. 4b . They show somewhat apparent albeit weaker emission at ~ 326 nm hinted at 305 nm, which may be associated with the graphene platelets. These studies are particularly useful and indicative of the hierarchical structure that may influence the accessibility of HPA clusters (diffusion of reactants or electrolyte) and the location of protons, both of which can impact HPAs performance in heterogeneous catalysis and energy storage via modification of electronic structure [4]. The ID/IG ratio of both the hybrid samples show systematic increase from 0.84 to 1.23 (and systematic decrease from 1.12 to 0.81) indicative of more (and less) disordered structure with increasing POM (and POW) mass ratio, respectively. Alternatively, a converse relationship is oberseved if these two hybrids are compared with increasing heteropolyatomic acids mass ratio. On the other hand, the band at 1000 (or 990) cm -1 , consisting of νas(Mo or W=Od) and νs(P-Oa) stretching vibrations loses its shape and upshifts by a few wavenumbers 5 cm -1 and these changes are indicative of dehydration process of the acids due to laser heating. Qualitatively, there is a change in intensity ratio of prominent bands at 1010 and 990 cm -1 with increasing mass ratio for hybrids. It is noteworthy that the Keggin structure is preserved since the bands at 101 and 990 cm -1 are present. The marginal change in G position from 1602 to 1598 cm -1 is indicative of good reduction of graphene oxide to reduced graphene oxide due to the POM and POW successful incorporation. Changes in band position is also due to the interactions between POMs and POWs and rGO support reflective of weaker doping or charge transfer to rGO. The rGO interacts with POM and POW keggin anion via the external oxygen atoms thereby cause weaker doping for the HOPG surface where there is no charge transfer possibly due to lack of functional groups. The prominent peaks of HPAs are slightly shifted (up or down) in polyoxioanion complexes while interacting with rGO support and that is partly because of the structural stability. It is known that Keggin anions in HPAs are stabilized mostly by dioxonium ions, but also by oxonium ions and protonated water [5] . External oxygens interact with the support through oxonium ions (H3O + ) and/or dioxonium ions (H5O2 + ) of POM and POW, causing prolongation and weakening of Mo-O or W-O bonds and a downshift of the Mo=Od band in the spectra [6] . The Keggin anions creates interaction with rGO and causes weak doping or charge transfer to rGO surface, findings are provided in Tables 1 and 2 . These interactions cause slight distortion of POMs and POWs anions and a downshifting of the νs(Mo or W=Od) band for POM/rGO and POW/rGO. Hence the downshifts and decrease in intensity ratio of νs(Mo=Od or W=Od) and a mixture of the νas(Mo or W=Od) and νs(P-Oa) vibrations indicate that the Keggin structure was preserved but slightly distorted during anion-anion interactions in aggregated clusters. While the basal plane of HOPG devoid of surface oxygen atoms has very low electroacativity, the edge sites of HOPG or the surface functional moieties on rGO support promotes electrochemical activity borne out of interactions with POMs and POWs, such as hydrogen bonding and/or charge transfer useful for electrochemical energy storag, electrocatalysis, biomedicine and water treatment [7] . 
